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Abstract 
Targeted oral release systems have been a large topic within drug delivery systems. There 
are several benefits to an oral delivery including patient convenience and lower chance of 
infection. The colon specifically has been researched as the release media. The colon is an ideal 
location for a release because the pH is stable with high levels of microorganisms. Like any type 
of drug delivery research, there are several hurdles to overcome. In order for a drug to be 
released in the colon, the drug must survive the stomach and be biocompatible. This 
biocompatibility and pH sensitivity was created using a polymerized hydrogel. The matrix is 
designed to be sensitive to low pH’s seen in the stomach and small intestines then swell and 
release the drug in the higher pH of the colon. The polymerized hydrogel in this research is 
created from a hydrophobic monomer phase and an aqueous surfactant phase. Further details of 
the structure can be found in the paper. This polymer hydrogel matrix has been optimized, but 
the chemical nature of the release is currently unknown. Up until this honors research project, it 
was assumed that the polymer hydrogel released the drug within a micelle, but there is no proof 
that this occurs. Validating that the polymer hydrogel releases surfactant as a micelle is 
important to future research. Micelles are small enough to pass into the blood stream without 
detection from the body. When micelles degrade, they release the drug that was encapsulated 
inside.  The GI tract is simulated over the course of several buffers. 
Micelles are generally detected by searching for the critical micelle concentration, CMC. 
Above the CMC, micelles form readily in solution. The CMC can be found through surface 
tension analysis. As the concentration of the surfactant increases, the surface tension starts to 
fall. A calibration curve of the concentration of the surfactant versus the surface tension was 
created for each buffer. Over the course of the release, the surface tension was measured. As the 
release progressed, the amount of surfactant released from the hydrogel increases and the surface 
tension decreases. Through previous experiments, it was predicted that surfactant micelles will 
be released from the hydrogel in the higher pH values. The polymerized hydrogel was designed 
to swell at the higher pH’s, thus releasing more drug into solution. At the higher concentrations 
of surfactant, it is more likely for micelles to form. Surface tension analysis will be used to prove 
this hypothesis. 
After all experiments were completed and analyzed, the results showed that micelles 
were released into solution. At the higher pH buffers of 6.8 and 7.4, the CMC concentration was 
achieved around 4 hours in the 6.8 pH and around 26 hours in the 7.4 pH buffer at 25°C. Enough 
surfactant was released at the lower pH of 4.5 to also create micelles. The drugs were released 
from the polymer hydrogel at two different temperatures, room temperature and body 
temperature. The hydrogel that was released at body temperature released less surfactant in the 
lower pH’s of 2, 4.5, and 6.8. At the final pH of 7.4, the pH that simulates the colon, the release 
at the body temperatures was consistent and smooth.  
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The results of these experiments are promising for future experiments. In order to ensure 
these results are accurate, it is recommended that these experiments be rerun. Once this is done, 
the hydrogel can loaded with a drug to further study to the release. Once this release is completed 
the results of the blank hydrogel and loaded hydrogel can be compared.   
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Introduction 
The use of polymerized micro emulsion hydrogels are common and are frequently used 
in drug delivery systems for many reasons. Manipulating the contents of the polymer matrix can 
allow the hydrogel to be sensitive to a range of pH’s, which allows the ability to target release 
areas. Hydrogel matrices can also be manipulated to control the release rate. For many 
applications, having a constant slow release is important. The purpose of Dr. Cheung’s research 
group’s polymerized hydrogel is to ultimately release chemotherapy drugs into a target area of 
the human colon. In order for this to be successful, the polymer hydrogel must be biocompatible, 
survive the stomach and intestines with minimal drug release, then slowly release over the course 
of 24-72 hours in the colon. The hydrogel matrix consists of a hydrophobic monomer phase and 
a hydrophilic surfactant phase that when polymerized releases into pH sensitive aqueous media. 
Currently in the research, the hydrogel has been optimized to release under the conditions 
specified above and is considered safe for human consumption. At this point, it is unclear how 
the contents of the hydrogel, specifically the pluronic phase, are released when exposed to the 
pH buffer of 7.4, the average pH of the human colon. The purpose of my research is to determine 
if the surfactant phase, containing the drug, releases in the form of a micelle. There are many 
benefits to a micelle release, which will be discussed in the background section of this paper. 
Determining the release profile of the surfactant from the hydrogel has the potential to impact 
future research, and thus is an important topic to further understand.  
This honors research project was split into two main parts. The first part consisted of 
becoming familiar with the research. First, an in depth literature study was done to see how other 
researchers are finding micelle formation. I also worked through old literature specifically from 
Dr. Cheung’s research group to form a basis of the importance of the work and how my project 
links into the research currently being done. Next, becoming proficient in creating the hydrogel 
matrix was done. This required working with another undergraduate to learn the steps to creating 
the hydrogel. The procedure for creating the polymerized hydrogel can be found in Appendix A. 
In order to reduce the error and ensure quality results, it was imperative that I became 
comfortable with the multistep process. Next, I received training on the equipment required to 
run my tests. These instruments included the ultraviolet-visible spectrometer, the pendent drop 
shape analyzer, and the Du Noüy interfacial tensiometer. The second part of the project involved 
running the technical experiments required to prove the hypothesis. This part of the project will 
involve the analysis of the results and the completion of the paper as well as recommendations 
for further work.  
 There are limitations within this project that should be noted. There are several sources of 
error within this project that may affect the results. The purpose of this research is to study the 
release of the surfactant, but there is a chance that a percentage of the surfactant phase will be 
lost when the hydrogel is dried. The hydrogels are dried in the fume hood over the course of 
several days. Because they are dried exposed to the air, it is likely that they will dry from the 
outside in, meaning that parts of the hydrogel may have different concentrations of surfactant in 
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each layer. This source of error is also assumed to be small, but it will have the ability to have 
the strongest effect when the hydrogel is put into the buffer solutions, so irregularities at the 
beginning of the release will be noted. Assumptions on the amount of surfactant that is lost in the 
drying will be noted in the results section to account for this error. There is a source of error 
associated with all instruments used to conduct the experiments, but it is also unlikely that this 
error will convert to any significant change. A propagation of error will be shown later in the 
report to confirm this error hypothesis. The other major limitation of this project is the ability to 
release a pseudo drug. Dr. Cheung’s lab group frequently uses Rhodamine 6G dye to simulate 
the drug release. To ensure that the Rhodamine doesn’t interfere with the surfactant release it 
was left out of initial tests. Due to lack of time, the studies including the Rhodamine were not 
studied.  
 Throughout the course of this honors research paper, a background of the research will be 
discussed. The chemical details surrounding this project will not be discussed in great detail 
because the focus will be on the technical aspects surrounding the actual testing required in this 
project. My hypothesis of what I expected to see at the start of this project will be stated. In the 
following sections, an experimental procedure and a discussion of the results of testing will be 
shown. Here a comparison between what was expected and what resulted will be covered. 
Finally, the paper will conclude with a final summary and recommendations for future work.   
  
 Background 
Hydrogel release media are beneficial for many reasons. Hydrogels
ability to encapsulate up to 1000 times their size in water, or other water based materials (1). The 
fact that hydrogels are primarily water based means that they are readily degradable
inherently biocompatible. In the case of th
the release media, the hydrogel is held together by a combination of hydrogen bonding and the 
separation between the hydrophilic and hydrophobic sections. Below is an example of the 
bicontinuous micro emulsion currently being studied
Figure 1: Macroscopic view of a bicontinuous emulsion re
As mentioned in the Introduction section,
manipulated to have different properties that are beneficial to the field of study. The desirable 
qualities in our hydrogels are to be stable in low pH
degrade at high microorganism concentrations. To create
matrix was determined through several phase studies of bio
The optimal formula was developed before the start of this research project. Therefore it was 
assumed that this polymer matrix would produce the best results. In all experiments for this 
research project, the hydrogels were thermal ini
methacrylate (EGDMA) and 2,2 azobisisobutyronitrile (AIBN)  were used as the cross linker and 
thermal initiator, respectively. Below is table of the reagents used to create the hydrogel.
  
 in general have the 
e polymeric micro emulsion hydrogels being used as 
 in Dr. Cheung’s lab.  
 
presented in polymer hydrogel (9
 polymer based hydrogel properties can be 
’s, swell and release in a higher
 this desirable relationship, a polymer 
-surfactants and polymer backbones. 
tiated to polymerize. Ethylene glycol dimethyl 
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Table 1: Polymer Matrix Reagent List 
Polymer Composition Composition (wt%) 
Aqueous/Surfactant Phase 85% 
Sub Components Composition (wt%) 
  
F88 Pluronic 90% 
Water  10% 
Monomer Phase 15% 
Sub Components Composition (wt%) 
  
HEMA/AA 75% 
AA 25% 
 
There are several benefits for oral drug delivery. Currently patients are given 
chemotherapy intravenously, which is considered painful and inconvenient because the patient 
must stay in the hospital over the duration of the release. Intravenous releases also run the risk of 
having a high concentration of the drug at the release site as well as a heightened risk of infection 
at the injection sites (10). Oral deliveries are more convenient to the patient because they can be 
administered away from the hospital at the patient’s convenience. The colon is an ideal source 
for targeted drug delivery for many reasons. First, the time that material spends in the colon, also 
called the lower intestine, varies from 24-72 hours. The pH of colon is slightly basic with a pH 
average 7-8 and a higher microorganism concentration (11). The presence of microorganisms is 
important in the degradation of hydrogel to ensure the drug does not dwell for too long inside the 
intestines. In order for an orally delivered drug to release in the colon, the drug must survive the 
stomach and sections of the small intestine. The pH range and microorganism content across the 
digestive system varies greatly until it reaches the colon. Below is a table of the GI tract path 
taken. 
Table 2: GI Tract Path (9). 
GI Tract Location pH Time Spent in this Section of GI Tract 
Microorganism 
Concentration 
 (cfu/mL) 
Stomach Fasted :1.5-2.0 < 1 h 0–103 (rare) Fed: 3.0-5.0 > 3 h 
Small Intestine   
4–6 h 
  
      1. Duodenum  5–6.5 0 
      2. Jejunum 6–7 0–105 
      3. Ileum 7–8 103–107 
Colon 5.5–7 24–72 h ~ 1012 
 
 To simulate the GI tract over time in the lab, a set of buffers at similar pH’s were used. 
The times spent in each section were also used to help increase the accuracy of the release in the 
lab. There are two main difference
first difference is the lack of transition between the sections. In the lab, the hydrogel was 
extracted from one buffer and moved directly into the next section. This drastic change has the 
potential to shock the hydrogel, causing it to release some of the surfactant.
difference in the lab was the lack of microorganisms being used in the release.
of the release profile used in this research project. These pH’s were crea
solutions.  
Table 3: Simulating the GI Tract in release studies.
Location Simulating
Stomach 
Stomach 
Small Intestine 
Colon/ Large Intestine
 
The presence of polymer 
Micelles are defined as small molecules that have a difference in polarity across its struc
Micelles form in a circular pattern with the polar part of the molecule, which is generally 
hydrophilic, creating the outer wall of the cell. The inside of the cell contains the long nonpolar 
chains that are hydrophobic (2). Below is a visual of a polymer micelle.
Figure 2: Visual example of polymer micelle (
Drugs are easily encapsulated inside
begins to degrade. “First, the hydrophobic core serves as a solubilization depot for drugs with 
poor aqueous solubility; second, the hydrophilic shell provides some protection
contributes towards a longer blood circulation time or better blood stability” (4). 
of micelles, (10-100 nanometers)
without much detection by the body
assumed that the polymer hydrogel releases the surfactant from the polymer matrix in the form 
s between the release in the lab and the actual GI tract
 The second 
 Below is a
ted using buffer 
 
 
pH Residence Time
2 2 hours 
4.5 0.5 hours 
6.8 5 hours 
 7.4 48 hours 
micelles plays an important role in drug delivery techniques. 
 
 
3).  
 the micelle and the drug is released when the micelle 
…
 allow them to pass into the blood stream or other source 
. In previous research within Dr. Cheung’s lab, it was 
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ture. 
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The small size 
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of a micelle during the swelling. This has not been confirmed, which is the topic of my portion of 
the research. 
 
 There are several ways to determine if micelles are present in solution. Most literature 
reports either the critical micelle temperature (CMT) or the critical micelle concentration (CMC). 
At the critical temperature and concentration, micelles start coming out. There are a few different 
ways to determine what this critical point is. Because our release is at a constant temperature, 
(human body averages 37°C), the critical concentration is more useful to find. For this research 
project, it is desirable to find the concentration of surfactant in the buffer where micelles begin to 
appear in solution. The two techniques used to find the critical micelle concentration was surface 
tension analysis and ultraviolet-visible spectroscopy. At low concentrations of surfactant in 
solution, the surface tension is high. This is caused by the interactions of hydrophobic tails of the 
molecule interacting with air on the surface of the liquid to avoid contact with the water. When 
the concentration is low this interaction with the surface is strong enough to increase the surface 
tension of the fluid because the molecules resist being forced to interact with the water. As the 
concentration of surfactant increases, the space at the surface of the liquid decreases and a drastic 
shift in surface tension is seen. This point is called the critical micelle concentration. At higher 
concentrations than the CMC, the surface tension is low. The diagram below depicts the 
description above.  
 
 
Figure 3: The development of the critical micelle concentration (6).  
Surface tension for my experimentation was measure two ways. The first used a Du Noüy 
Ring Tensiometer. This technique works by dipping a ring into a solution. Slowly, an upward 
force is applied to the ring pulling it to the surface. The force required to get the ring to break the 
surface correlates to the surface tension of the liquid through the equation shown below (7).  
  4 
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In the equation above, F is the force required to pull the ring from the liquid’s surface. R 
is the inner radius of the ring and gamma, γ, is the surface tension of the fluid. Surface tension is 
generally reported in the units of dyne/cm or mN/m. Most modern devices calculate and report 
the surface tension directly. There are several sources of error associated with the Du Noüy Ring 
method. First, it is easy to accidently bend or distort with use because of its delicacy. Distortion 
of the ring can result in a nonzero contact angle, which creates error in the measurement. When 
testing a fluid that contains a surfactant, which our test materials do, it is imperative that the ring 
be thoroughly cleaned with water in between each measurement. Getting surface tension results 
on this piece of equipment is tedious and time consuming. Therefore the majority of the testing 
done was using a pendent drop shape analyzer, DSA. In DSA a droplet of liquid is dispensed 
through a needle to the point that it is about to drop from the needle. A detailed image is taken of 
the drop shape. Multiple parameters are used to fit the drop shape such as density of the fluid the 
droplet is in contact with, droplet temperature, the contact angle of light source with the droplet, 
the magnification factor, aspect ratio, and needle diameter and pressure. All of these parameters 
affect the surface tension of the fluid. This technique is sensitive to vibration and changes in light 
intensity, so the test should be performed in an area with little movement. The main advantage to 
this test is that it is significantly quicker and less tedious than the Du Noüy Ring method.  
 The other technique used to calculate the CMC of the polymers is via ultra violet 
spectroscopy. As the concentration of surfactant changes, the absorption pattern at peak 
wavelengths will begin to change. In general, below the CMC, the absorbance values will be 
smaller. As the CMC concentration is approached, a jump in the absorbance will occur. The 
absorbance may continue to grow or level off depending on the surfactant. A calibration of the 
absorbance of the surfactant versus surfactant concentration can be fitted so that the 
concentration of the surfactant can be determined throughout the time of the release. It is 
important to ensure that the concentrations of the release are captured within the calibration 
curve for the most accurate data.  
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Hypothesis 
In previous work done in Dr. Cheung’s lab, it was assumed that at some concentration of 
the surfactant, the polymer would release micelles. If the release occurs above the CMC value in 
the buffers, the polymer micelles will be free to form. Once the CMC of polymer matrix is 
reached, the micelles will be able to travel away from the higher concentration of surfactant 
(throughout the colon to bloodstream). After the micelles have distanced themselves from each 
other, which decreases the concentration, the micelles will degrade and release the contents, 
which is the drug. The desire is that at the lower pH buffers of 2 and 4.5, little to no surfactant 
will be released into solution and the concentration will stay below the CMC. As the pH 
increases toward the desirable conditions within the colon, more surfactant will be released, 
forcing it to create micelles. It is likely that the CMC of the surfactant occurs at within the longer 
release times in the 6.8 and 7.4 pH. In the actual GI tract, it is possible that the concentration will 
never reach CMC value because of the release being transported into the bloodstream or other 
areas. The results of the test should be simulated in an actual tract to ensure these concentrations 
could be matched. 
 The surfactant used in our research is the pluronic F88, which has a documented CMC at 
0.055mg/ml in water (8). This value was verified using the Du Noüy Ring Tensiometer to gain 
practice. The result is shown below.  
 
Figure 4: Graph of experimental determination of F88 CMC value. 
 The experimental value found for the CMC was 0.063 mg/ml in water which is very close 
to the value reported in literature. If this concentration is achieved and passed within the release, 
there will be micelles formed in the solution. 
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There are difficulties in finding the critical micelle concentration of our release system. 
Like many other oral release strategies, micelle degradation before detection will be a serious 
problem for our research (5). It is also possible that the polymer hydrogel will not protect the 
micelles from the low pH’s simulated in the GI tract because it is difficult to get the polymer to 
withstand such a high range of pH’s.  
Experimental Methods 
The first step of running experiments to find the CMC of the polymer hydrogel is to 
create the Hydrogels. The full procedure can be found in Appendix A. The polymers must be 
dried for several days for the most accurate results. Unfortunately, due to time constraints, some 
testing was done when the polymer hydrogel was only partially dried. The polymer Hydrogels 
are placed in a series of pH buffers to simulate the path through the GI tract. The tables of the 
time durations can be found in the background section. When the hydrogel is placed in the 
buffer, surface tension or absorbance readings are taken over the course of the release. Because 
of time constraints and occupied equipment, readings could not be taken on both machines on 
one release. Therefore this paper will report the release data separately for the surface tension 
and absorbance readings.  
Surface Tension Release Method 
 
Measurements of surface tension were taken using Dr. Chase’s DSA machine. Hydrogels 
weighing approximately 1 gram were released into 50 mL of buffer. Tests were done keeping 
some release systems at room temperatures and others at 37°C to simulate the human core 
temperature. The samples at 37°C were heated in a water bath. Once the DSA was done 
analyzing the sample extracted from the buffer, this sample was deposited back into the buffer 
solution to keep the base buffer amount consistent. Surface tension measurements were taken as 
quickly as possible after the placement of the hydrogel in the new medium. The hydrogel was 
not rinsed in between buffers to try to simulate the GI tract as accurately as possible. These 
measurements were taken quickly at the beginning to try to capture fast bursts of surfactant 
release. This may occur because of the shock caused to the hydrogel when the environment 
changes. Once the hydrogel was in the buffer solution, measurements were taken between every 
half an hour to every hour for the first three buffer releases (shorter residence times). The final 
buffer has a residence time of 48 hours, so samples were taken as frequently as possible, but the 
goal was at least every 18-24 hours. To reduce error, several readings were taken using the DSA. 
Only measurements showing separation between the capillary needle and the droplet with good 
drop size fits were recorded. This was also done to reduce the error in the surface tension 
readings. Below is an example of what the ideal droplet separation from the needle looks like. 
The closer the droplet is from dropping from the needle, the more accurate the drop size fit will 
be. 
 Figure 5: Ideal droplet for determining surface tension using DSA.
Absorbance Release Method
 
 The absorbance method is very similar to the surface tension method. The main 
differences are the test being performed on the sample. Samples were t
and 37°C as previously mentioned, but the samples were heated in an oven. The difference is 
based on the apparatus available in the different labs. Dr. Ju’s UV
take measurements. A clean buffer solutio
used to take measurements. The cuvet was cleaned and dried with ethanol between each 
measurement to ensure accurate readings. Samples were taken at the same intervals mentioned 
above in the surface tension method. 
At the completion of experiments all buffers and the polymer were disposed of in the correct 
waste receptacles and all glassware was thoroughly cleaned. For information
procedures of leftover reagents, refer to Appendix D.
  
 
 
 
ested at room temperature
-vis spectrometer was used to 
n was used to zero the machine and quartz cuvets were 
 
 on disposal 
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Data and Results 
The first thing that was done to ensure the release data could be converted from surface 
tension to concentration was to create calibration curves for each buffer containing surfactants. 
The calibration curves themselves can be found in Appendix C.  
Absorption Results 
A calibration curve of surfactant water was created to determine where the surfactant 
absorbs. The result found was 210 nanometers. This presented as a concern because many 
buffers and other solutions also absorb at similar wavelengths. The absorbance of the buffers was 
then tested to see if a difference could be found. Unfortunately, the absorbance of 3 out of the 4 
buffers had the same peak as the surfactant, meaning that the UV-vis was no longer a great 
option for analyzing release data. Rhodamine 6G absorbs at a higher wavelength, 400 
nanometers. Therefore, it is recommended that if the UV-vis is a desirable test, only loaded 
Hydrogels be used. For the reasons presented, obtaining results via this technique were not 
focused on. 
Surface Tension Results 
A total of 4 samples were released into the first pH buffer of 2 to start the release. Two 
samples were kept at room temperature and two were kept at 37°C. The starting amount of F88 
in each hydrogel was about 283 mg. It was assumed that the surfactant would be spread evenly 
across the polymerized hydrogel. Because of this assumption, when the polymer hydrogel is 
dried, some of the surfactant will be lost because it is assumed to be evenly distributed across the 
polymer hydrogel and the liquid left over. Therefore, some surfactant is lost. It was assumed 
about 10% of the surfactant would be lost in drying. Below is a chart of data about each hydrogel 
that was released.  
Table 4: Hydrogel data before release. 
Sample # Temperature of 
Release 
Grams Before 
Release 
Estimated mg of F88 at 
Release Start 
1c 25°C 1.0048 255 mg 
1h 37°C 0.9439 255 mg 
2c 25°C 1.004 255 mg 
2h 37°C 1.0268 255 mg 
 
In the water bath, one of the samples was tipped over, so only one sample was taken 
through the entire release at 37°. Some of the data for the 37°C release suggest that water began 
to condense into the release media, which may have skewed the results. The surface tension was 
15 
 
taken in each release buffer as frequently as possible. Below are the surface tensions recorded for 
each release with time for three releases.  
  
 Figure 6: Release Profile of Sample 1c.
Figure 7: Release Profile of Sample 
Figure 8: Release Profile of Sample 1h. 
From the release profile graphs, several conclusions can be made. As expected, when the 
hydrogel is released into the new pH buffer media, the surface tension is high. The surface 
 
2c.  
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tension for most materials is higher when the concentration of surfactant is low. As the release of 
the surfactant continues in the buffer solution, the surface tension begins to decrease. This 
implies that the concentration of the surfactant is increasing in the buffer solution. The graph of 
the 2 pH release time looks as though the surface tension was and would continue to plateau. In 
the remaining three release buffers, there is a drastic change in surface tension within the first 
30-40 minutes. Then the release continues at a more constant rate. The highest changes in 
surface tension are observed in the 6.8 and 7.4 buffers. There are two blips in the data that do not 
match the rest of the trends. In the 1h sample release, the surface tension increases in the 2 pH 
and 6.8 pH. This is likely caused by the water bath heating apparatus. During one of the sample 
readings, water condensation was noticed on the surface of the apparatus, including 2-3 drops 
falling into the sample. Therefore, the amount of water in the sample was changed. Because the 
surface tension of water is higher than the buffer and surfactant, this large jump is likely caused 
by water condensation. After the condensation was observed, a Petri dish was placed over the top 
of the buffer solution to prevent more water from entering the sample. After this point, no more 
increases in surface tension were observed.  
Next, the surface tension readings from the release were converted to concentrations of 
F88 using the calibration curves for each buffer. As previously mentioned, these calibration 
curves can be found in Appendix C. It is also important to mention what the experimental CMC 
values that were found for each buffer. The chart below displays these values determined. 
Table 5: CMC values of F88 in each buffer. 
Buffer pH CMC (mg/ml) 
2 0.500 
4.5 0.063 
6.8 0.250 
7.4 0.500 
 
The calibration curves and the CMC values found above are all at 25°C. Due to lack of 
time, calibration curves were not made at 37°C. It was assumed that the CMC would not change 
drastically with an increase of about 10°C. The release curves converted to surfactant 
concentration can be seen below.  
  
Figure 9: Concentration of F88 throughout release.
Using the CMC values in each buffer and the release concentration data obtained, the 
point at which the hydrogel begins releasing the surfactant in the form of a micelle can 
seen. Below is a table of the timing in the buffer and the overall rele
forming in the solution. 
Table 6: Micelle release times in each buffer solution.
Sample 1 C 
Time in 
Buffer 
(minutes) 
Time 
Overall 
(minutes) 
2 pH - - 
4.5 pH - - 
6.8 pH 142 302 
7.4 pH 1745 2200 
 
 
According to the data shown above, micelles were released into three of the four buffer 
solutions for all samples. In all three samples at both temperatures, the concentration of 
 
ase where micelles are 
 
Micelles in Solution 
Sample 2 C Sample 1 H
Time in 
Buffer 
(minutes) 
Time 
Overall 
(minutes) 
Time in 
(minutes)
2 pH - - 2 pH 
4.5 pH 14 146 4.5 pH 
6.8 pH 155 315 6.8 pH 
7.4 pH 1445 1900 7.4 pH 
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be readily 
 
Buffer 
 
Time 
Overall 
(minutes) 
- - 
7 127 
213 373 
95 550 
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surfactant in 2 pH does not come anywhere near the concentration required to form micelles. 
This is a desirable result because minimizing the amount of surfactant released at this pH (the 
stomach) allows more of the drug/surfactant to release in the correct pH’s. In the 4.5 pH buffer, 
the warmed sample does reach a concentration able to release micelles in solution. In one of the 
room temperature samples, 2c, it also reaches the concentration suitable to form micelles. These 
results are less desirable because this pH is still in the upper part of the small intestine. In both 
the 6.8 and 7.4 pH’s large concentrations of surfactant are released slowly over time. In both 
buffers, it took several hours to reach the CMC value. This is also a good result because it is 
desirable to have a smooth and slow release over time so that the patient ingesting the drug is not 
overwhelmed.  
Next, the data was graphed to show the release of surfactant by weight to show how 
much material the hydrogel is releasing (losing from its matrix) over the course of the release. 
The amount of surfactant was obtained by multiplying the surfactant concentration by the 
volume of buffer the hydrogel was placed in. As shown in Figure 15, the estimated amount of 
surfactant in the GI tract over time is shown below in Figure 16. It was assumed that each 
hydrogel started with 255 mg of surfactant.   
 
Figure 16: Surfactant released over the release. 
In both samples at 25°C, the amount of surfactant calculated to be released in the solution 
went over the amount of that was predicted. The maximum amount of surfactant that could be in 
the hydrogel matrix is 285 mg based off of how they were prepared. The values that went over 
the amount that started in the matrix are off from the fit of the calibration curves.  
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Conclusions 
   
 Over the course of several experiments, the hypothesis that micelles would form in the 
higher pH buffer solutions was proven. The concentrations required to reach the CMC values of 
in the 6.8 and 7.4 buffers were more than exceeded. In some samples the CMC value was also 
reached in the 4.5 pH as well. In order to prove that these results are accurate, it is recommended 
that the experiment be repeated. Through these experiments it was also shown that there is a 
difference in the release in different temperatures. The release at 37°C did not release as much 
surfactant in the first three buffer solutions, but then released linearly throughout the 7.4 pH. 
These results are promising because in the real scenario of releasing orally to a patient, this 
means a smooth release that only releases surfactant in the colon only.  
The next step in this research is to load the hydrogel with a drug or die to compare the 
results of the blank hydrogel. In past research in Dr. Cheung’s lab, Rhodamine 6G is used to 
study release profiles. When using the Rhodamine both surface tension and UV-vis spectrometry 
can be explored to compare the difference in the releases. UV-vis spectrometry can be used with 
the Rhodamine because it has a different absorbance (400 nm) than the surfactant (210 nm).  
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Appendices 
Appendix A: Experiment Procedure for making a Polymer 
Aqueous (water) Phase: 
• Make 20g “Aqueous phase” of 10wt % Surfactant (F88) and 90wt % H2O. 
Organic Monomer (oil) Phase: 
• Make 12g of Monomer phase HEMA/AA & MMA with ratio of 3:1 respectively. (12g include 
4.5g HEMA, 4.5g AA and 3g MMA). 
a. Add 4wt % EGDMA (crosslinker) to the grams of Monomer phase.  
b. Take two (2) 6g samples of (a) 
c. Take one of the samples above and add 2wt % of AIBN (Thermal Initiator) 
d. Take the second 6g sample and add 3.1wt % of DMPA (Photo Initiator) 
Blank or Control Hydrogel/Polymeric Gel: 
• Make two (2) 1-3g Hydrogel of 85%wt of Surfactant solution and 15%wt of Organic monomer. 
(one with AIBN and other with DMPA) {note: use 1g for practice runs and 3 grams for actual 
tests} 
• Purge each sample with N2 for 5mins, seal and store in a dark place for 24 hours 
Polymer Gel/Hydrogel: 
• Make six (6) 1-3g Hydrogel precursors of 85%wt of Surfactant solution and 15%wt of Organic 
monomer. (3 with AIBN monomer and 3 with DMPA monomer). 
• Purge each precursor with nitrogen for 5 mins, seal the cap and store in a dark place for 24 hours. 
• Polymerize the samples 
o AIBN (Thermal Initiator) is polymerized for 4 hours. 
o DMPA (Photo Initiator) is polymerized for 2 hours using a photopolymerization reactor. 
• Dry the polymerized gel in hood at room temperature for one (1) week; then in a drying vacuum 
at room temperature for 24 hours. 
Loading Drug: For example (R6G) –  
(Concentration of Dye 2 x10-5 mol/g of H2O) 
With “Batch” Aqueous and monomer phases made and making 3g hydrogel.  
• Total mass of aqueous phase = 2.55g (mass of aqueous phase per 3g hydrogel) * 3 (total number 
of sample 3 for DMPA) = 7.65g (same as AIBN) 
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• Total mass of monomer phase = 0.45g (mass of monomer phase per 3g hydrogel) * 6 = 2.7g 
• Total mass of H2O in aqueous phase  (DMPA) = 0.9 * 7.65g = 6.885g 
• Mass of Dye (RG6) for DMPA = 6.885g * 2e-5mol/g * 479.01g/mol = 0.0655g (same for AIBN) 
Dye Molecular weight 
Rhodamine 6G 479.01 g/mol 
Fluorescine Diacetate 416.38 g/mol 
Nile Red 318.37 g/mol 
Coumarin 146.14 g/mol 
 
• Dissolve mass of dye calculated (0.0655g) in mass of aqueous phase (DMPA/AIBN) 
• Make loaded dye (3g) Hydrogel of 85%wt of Surfactant solution and 15%wt of dye solution 
• Polymerize the samples 
o AIBN (Thermal Initiator) is polymerized for 4 hours. 
o DMPA (Photo Initiator) is polymerized for 2 hours using a photopolymerization reactor. 
• Dry the polymerized gel in hood at room temperature for one (1) week; then in a drying vacuum 
at room temperature for 24 hours. 
Loading Enzyme: 
• 3-4.5mg/g of H2O in the Aqueous Phase (Surfactant Solution). 
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Appendix B: pH Buffer Solutions Instructions 
The procedure was created by Dr. Cheung and his graduate students for releasing polymers into 
buffer. 
• Make pH buffers of 2.0, 4.5, 6.8 and 7.4 to simulate the pH concentration of the GI tract. 
 
pH Chemical Concentration (mol/L) Volume 
(mL) 
MW 
(g/mol) 
weight (g) 
2 
KCl 0.2 50 74.55 0.75 
HCl 0.2 50 36.46 0.36 
4.5 
Sodium 
Acetate 
0.1 50 82.03 0.41 
HCl 0.2 50 36.46 0.36 
6.8 
KH2PO4 0.1 50 136.09 0.68 
NaOH 0.1 50 40.00 0.20 
7.4  Packet Available (1 per Liter) 
Example: pH 2.0 buffer – make 0.2M KCl and 0.2M HCl. Check pH of KCl then add HCl to KCl until 
you reach the desired pH. {Note: Always pour acid to base and acid into water}. 
• Place the Loaded Hydrogel in pH buffer at room temperature 
pH Residence time 
2.0 2 hours 
4.5 0.5 hours 
6.8 5 hours 
7.4 48 hours 
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Appendix C: Calibration Curves 
Calibration of F88 in 2 pH Buffer 
 
 
Calibration of F88 in 4.5 pH Buffer 
 
 
  
50.0
55.0
60.0
65.0
70.0
75.0
0 0.1 0.2 0.3 0.4 0.5
S
u
rf
a
ce
 T
e
n
si
o
n
 (
m
N
/m
)
F88 Concentration (mg/ml)
2 pH Buffer Calibration Curve
50.0
55.0
60.0
65.0
70.0
75.0
0.0 0.2 0.4 0.6 0.8 1.0
S
u
rf
a
ce
 T
e
n
si
o
n
 (
m
N
/m
)
F88 Concentration (mg/ml)
4.5 pH Buffer Calibration Curve
26 
 
Calibration of F88 in 6.8 pH Buffer 
 
 
 
Calibration of F88 in 7.4 pH Buffer 
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 Appendix D: MSDS for Materials Used
F88 Surfactant SDS 
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 Acrylic Acid SDS 
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 HEMA SDS 
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 MMA SDS 
 
47 
 
 48 
 
 49 
 
 50 
 
 51 
 
